Efficient synthesis of novel benzo [b] [1, 8] naphthyridin-4(1H)-ones and pyrido [2,3-b] quinoxalin-4(1H)-ones from alkynones and primary amines 
Introduction
Of the six isomeric pyridopyridines (diazanaphthalenes), 1,8-naphthyridines are the most studied subclass because their skeleton is present in many compounds, which have been isolated from natural substances and exhibit various biological activities. They represent important lead structures in medicinal chemistry (treatment of various human diseases) and agricultural chemistry (use as pesticides). Among 1,8-naphthyridine derivatives, 6-fluoro-1,8-naphthyridin-4-ones, which are azaanalogs of fluoroquinolones, have attracted the most attention in the last 30 years. 1 There are a number of drugs with 4-pyridone ring, such as enoxacin, 2 a fluoronaphthyridone antibacterial agent showing the most broad and potent in vitro antibacterial activity, an excellent in vivo efficacy on systemic infections, and a weak acute toxicity, and trovafloxacin, 3 which is a broad spectrum antibiotic and inhibits the uncoiling of supercoiled DNA in various bacteria by blocking the activity of DNA gyrase and topoisomerase IV ( Fig. 1 ). Its spectrum of activity includes aerobic gram-positive and gram-negative organisms as well as anaerobic pathogens, however, it was withdrawn from the market due to the risk of hepatotoxicity.
Given the broad utility of 1,8-naphthyridines in medicinal chemistry 1 and continuing our research on the efficient synthesis of drug-like heteroannulated pyridines, 4 we were interested in developing novel approaches, which would allow access to these interesting heterocyclic compounds. In previous study dealing with the domino amination/conjugate addition reaction of 1-(2-chloropyridin-3-yl)prop-2-yn-1-ones with amines, Iaroshenko's 
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Tetrahedron 69 (2013) 2309e2318 group described the synthesis of 1,8-naphthyridin-4(1H)-ones. 5 Though this method of preparation of 1,8-naphthyridine core seems to be satisfactory, new routes starting from different materials are desirable for efficient structure modifications of these molecules. In connection with this, we decided to prepare benzo [b] [1, 8] naphthyridin-4(1H)-one and pyrido [2,3-b] quinoxalin-4(1H)-one derivatives, commencing with quinoline and quinoxaline-based substrates. Earlier 2,5-diarylbenzo [b] [1, 8] naphthyridin-4(1H)-ones have been constructed from 3-acetyl-4-arylquinolin-2(1H)-ones via the intermediates 3-cinnamoyl-4-arylquinolin-2(1H)-ones, 6 while pyrido [2,3-b] quinoxalin-4(1H)-ones represent a novel heterocyclic system. In this paper we report the successful realization of our goal with an efficient palladium-catalyzed tandem amination approach, which was developed in one pot to afford pyridoannulated quinolines and quinoxalines from easily accessible o-chlorohetaryl acetylenic ketones and primary amines.
Results and discussion
Based on previous experience of the Iaroshenko's group related to the development of new coupling reactions of pyridinyl alkynones 5 and alkynyl thiophenes, 7 we envisaged that 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one (2), which can be prepared by allowing a lithium acetylide to react with 2-chloro-3-formylquinoline, followed by oxidation of the resulting 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-ol (1) 8 is suitable substrate for the synthesis of benzo [b] [1, 8] naphthyridin-4(1H)-one derivatives 3 (Scheme 1). The requisite starting material, 2-chloro-3-formylquinoline, was obtained by treatment of acetanilide with the Vilsmeier reagent (DMF/POCl 3 ) according to the described procedure.
9
Then we examined the reactions of alkynone 2 with a range of commercially available aliphatic and aromatic amines. After the optimization of the reaction conditions with regard to the type of catalyst and solvent, we have found that the use of Pd(PPh 3 ) 4 (5 mol %), 2 equiv of K 2 CO 3 as a base, and DMF as a solvent (170 C, 3 h) was essential to get good yields (46e87%) of benzo [b] [1, 8] naphthyridin-4(1H)-ones 3ael from aliphatic amines. In the case of less nucleophilic aromatic amines, compounds 3meu were obtained with Pd(PPh 3 ) 4 (5 mol %), Cs 2 CO 3 (1.2 equiv) in toluene (90 C, 6 h) in variable yields (29e77%). When allylamine was used, product 3g was obtained in 90% yield as a result of cleavage of the allyl group under the reaction conditions employed.
The progress of the reaction was monitored by TLC, and the results are summarized in Table 1 . It is important that a wide range of aromatic and aliphatic amines can effectively participate in the reaction with acetylenic ketone 2, providing a variety of benzofused 1,8-naphthyridines 3 with high purity after column chromatography. It can be observed that the process tolerates only electrondonating substituents (alkyl, alkoxy, diethylamino) on the aromatic amines. This is a palladium-catalyzed tandem reaction consisting of a sequential double CeN bond formation to give benzo [b] [1, 8] naphthyridin-4(1H)-ones 3 from quinolinyl acetylenic ketone 2 and primary amines via intermediates A 5,10 (Scheme 1). The structures of all products 3 were characterized by IR, 1 H, 13 C NMR spectral data as well as HRMS analysis. Furthermore, the structure of compound 3f was established by X-ray crystallographic analysis (Fig. 2 ).
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Next, we have obtained a series of 1-(3-chloroquinoxalin-2-yl) prop-2-yn-1-ones 5 by Sonogashira coupling of 3-chloroquinoxaline-2-carbonyl chloride (4), obtained from 3-chloroquinoxaline-2-carboxylic acid and thionyl chloride, 12 with terminal alkynes (R 0 ¼Ph, 4-t-BuC 6 H 4 , n-C 8 H 17 ) using PdCl 2 (PPh 3 ) 2 in THF to give ketones 5aec in 35e58% yield. Reactions of these compounds with aliphatic and aromatic amines heated with or without Pd(PPh 3 ) 4 in the presence of K 2 CO 3 in DMF produced pyrido [2,3-b] quinoxalin-4(1H)-ones 6aen (Scheme 2, Table 2 ). As illustrated in Table 2 , alkynones 5aec readily reacted with various amines to give the corresponding products in moderate to high yields. While aromatic amines required the employment of a Pd catalyst (Methods BeD), reactions of aliphatic amines proceeded smoothly under catalyst free conditions (Method A). When Pd(PPh 3 ) 4 was used as catalyst and combined with rac-2,2 0 -bis(diphenylphosphino)-1,1 0 -binaphthyl (rac-BINAP) or 2-dicyclohexylphosphino-2 0 -(N,N-dimethylamino)biphenyl (DavePhos), the yields were improved slightly (compounds 6c,g,h) . The nature of the acetylene moiety has little effect on the yield of these reactions.
These results clearly show that the present approach could be applicable to various types of hetaryl ynones, providing a simple and efficient route to the synthesis of a wide range of the fused naphthyridine and quinoxaline derivatives, which are of interest as biologically active compounds. The structures of all the compounds were deduced from their spectral studies (IR, 1 H, 13 C NMR, and MS); most of the mass spectra displayed molecular ion peaks at the appropriate m/z values. In addition, the structure of 6i was confirmed by X-ray single crystal analysis (Fig. 3) . 
Conclusion
In conclusion, we have developed an efficient synthesis of benzo [b] 
Experimental

General
NMR spectra were recorded on a Brucker AV 300 instruments. IR spectra were recorded on a Perkin Elmer FT IR 1600 spectrometer (ATR). Mass spectra were obtained on a Hewlett-Packard HPGC/MS 5890/5972 instrument (EI, 70 eV) by GC inlet or on an MX-1321 instrument (EI, 70 eV) by direct inlet. Column chromatography was performed on silica gel (63e200 mesh, Merck) and silica gel Merck 60F 254 plates were used for TLC. All solvents were purified and dried by standard methods.
4.2. General procedures for the synthesis of 2-phenylbenzo [b] [1, 8] naphthyridin-4(1H)-ones (3aeu) 4.2.1. Method A (for 3ael). A mixture of 2 (0.6 mmol), amine (0.7 mmol), K 2 CO 3 (1.2 mmol), and Pd(PPh 3 ) 4 (0.05 mmol) was heated in 10 ml DMF for 3 h at 170 C. The residue was purified by column chromatography on silica gel to afford the product.
Method B (for 3meu).
A mixture of 2 (0.6 mmol), amine (0.7 mmol), Cs 2 CO 3 (235 mg, 0.72 mmol), Pd(PPh 3 ) 4 (5 mol %), and toluene (10 ml) was heated at 90 C for 6 h. The residue was purified by column chromatography on silica gel to afford the product.
4.3. General procedures for the synthesis of pyrido [2,3-b] quinoxalin-4(1H)-ones (6aen) 4.3.1. Method A. Alkylamine (2.0 equiv), K 2 CO 3 (2.0 equiv), and 1.0 equiv of the corresponding 1-(2-chloropyridin-3-yl)prop-2-yn-1-one 5 are heated at 160 C in dry DMF under argon atmosphere in a pressure tube. After 16 h, the solvent was removed in vacuo and the crude product was purified by column chromatography (eluent: n-heptane/ethylacetate). 4.3.2. Method B. Alkylamine (2.0 equiv), K 2 CO 3 (2.0 equiv), Pd(PPh 3 ) 4 (5 mol %), and 1.0 equiv of the corresponding 1-(2- chloropyridin-3-yl)prop-2-yn-1-one 5 are heated at 110 C in dry DMF under argon atmosphere in a pressure tube. After approximately 16 h (controlled by TLC) the solvent was removed in vacuo and the crude product was purified by column chromatography (eluent: n-heptaneeethylacetate).
4.3.3. Method C. This method is similar to Method A, only the ligand rac-BINAP (5 mol %) was loaded.
4.3.4. Method D. This method is similar to Method A, only the ligand DavePhos (7 mol %) was loaded.
Analytical data
Starting with 2-chloroquinoline-3-carbaldehyde (400 mg, 2.1 mmol), phenylacetylene (257 mg, 2.52 mmol), and n-BuLi (1.016 ml, 2.52 mmol), 1 was isolated after column chromatography (silica gel, n-heptane/EtOAc¼5:1) as a white solid (600 mg, 98%), mp 194e196 C. 84.6, 89.2, 121.8, 127.0, 127.5, 127.9, 128.3, 128.7, 128.8, 130.1, 130.9, 131.4, 133.5, 135.9, 136.5, 146.4, 148.3 ; IR (ATR, cm 
1-(2-Chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one (2)
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-ol 1 (400 mg, 1.36 mmol) and activated MnO 2 (299 mg, 3.44 mmol), 2 was isolated after column chromatography (silica gel, n-heptane/EtOAc¼9:1) as a yellow solid (362 mg, 91%), mp 101e103 C. 5, 94.2, 118.7, 125.8, 127.7, 128.3, 129.0, 129.1, 129.2, 129.8, 131.8, 133.2, 133.3, 133.8, 144.1, 145.6, 147.7, 174.6 ; IR (ATR, cm 
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), cyclohexylamine (70 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3a was isolated after column chromatography (silica gel, n-heptane/EtOAc¼2:1) as a yellow solid (150 mg, 72%), mp 280e282 C. 1 26.5, 26.6, 30.5, 63.8, 111.4, 121.5, 125.1, 125.6, 127.4, 127.5, 128.1, 128.8, 129.2, 129.4, 131.9, 137.1, 137.2, 148.3, 150.1, 158.3, 178.6 ; IR (ATR, cm , 6.26; N, 7.90. Found: C, 80.98; H, 6.46 ; N, 7.75.
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), benzylamine (75 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3b was isolated after column chromatography (silica gel, n-heptane/EtOAc¼2:1) as a yellow solid (180 mg, 85%), mp 238 C. 6, 120.6, 125.5, 125.7, 126.7, 127.1, 128.2, 128.3, 128.4, 128.5, 129.3, 129.6, 132.2, 135.6, 137.7, 137.9, 149.1, 149.6, 157.4, 178.8 
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), p-methoxybenzylamine (96 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3c was isolated after column chromatography (silica gel, n-heptane/ EtOAc¼3:1) as a yellow solid (146 mg, 64%), mp 174e176 C. 1 55.2, 111.7, 113.6, 120.7, 125.5, 125.7, 128.2, 128.3, 128.4, 128.5, 129.3, 129.5, 129.9, 132.2, 135.7, 137.5, 137.6, 149.6, 157.4, 158.7, 178.8 
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), 2-phenylethanamine (85 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3d was isolated after column chromatography (silica gel, n-heptane/ EtOAc¼3:1) as a yellow solid (97 mg, 46%), mp 232 C. 48.4, 110.9, 125.5, 125.8, 126.6, 128.1, 128.1, 128.3, 128.3, 128.6, 128.6, 128.7, 128.7, 128.8, 129.4, 129.6, 132.4, 135.6, 137.7, 138 Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), n-heptylamine (81 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3e was isolated after column chromatography (silica gel, n-heptane/EtOAc¼2:1) as a yellow solid (140 mg, 65%), mp 315 C. 1 1, 22.5, 26.5, 28.5, 28.9, 31.3, 46.7, 111.0, 120.7, 125.3, 125.5, 127.8, 128.1, 128.1, 128.5, 128.6, 129.2, 129.4, 132.0, 135.9, 137.3, 148.9, 149.1, 157.1, 178.5 
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), cyclopropylamine (40 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3f was isolated after column chromatography (silica gel, n-heptane/EtOAc¼2:1) as a yellow solid (61 mg, 57%), mp 193 C. 1 7, 32.2, 111.6, 120.8, 125.4, 125.6, 128.2, 128.4, 128.5, 129.3, 129.4, 132.1, 136.8, 137.1, 148.9, 151.7, 158.2, 179.3; IR (KBr, cm Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), allylamine (40 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3g was isolated after column chromatography (silica gel, n-heptane/EtOAc¼2:1) as a yellow solid (141 mg, 90%), mp 286e288 C. d¼106.2, 119.3, 125.2, 126.7, 127.7, 127.7, 128.7, 128.8, 129.8, 130.8, 132.5, 133.6, 136.6, 148.7, 149.0, 150.2, 153.1, 178 Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), 3-(4-morpholino)propylamine (101 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were reflux at 170 C for 3 h, 3h was isolated after column chromatography (silica gel, n-heptane/EtOAc¼2:1) as a solid (200 1, 53.4, 53.4, 55.9, 66.8, 66.9, 111.2, 120.9, 125.4, 125.6, 128.1, 128.2, 128.2, 128.7, 128.7, 129.4, 129.5, 132.2, 135.8, 137.6, 149.1, 149.3, 157.0, 178.6 
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), ethanolamine (32 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3i was isolated after column chromatography (silica gel, n-heptane/EtOAc¼2:1) as a yellow solid (150 mg, 72%), mp 204 C. 1 
1-(3-Methoxybenzyl)-2-phenylbenzo[b][1,8]naphthyridin-4(1H)-one (3j)
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), 3-methoxybenzylamine (96 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3j was isolated after column chromatography (silica gel, n-heptane/ EtOAc¼2:1) as a solid (120 mg, 52%), mp 114e116 C. 1 7, 112.3, 112.7, 119.1, 120.6, 125.5, 125.7, 128.2, 128.3, 128.5, 129.3, 129.3, 129.6, 132.3, 135.7, 137.7, 139.6, 149.2, 149.6, 157.5, 159.6, 178.9 ; IR (ATR, cm (11) 
1-(2-Chlorobenzyl)-2-phenylbenzo[b][1,8]naphthyridin-4(1H)-one (3k)
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), 2-chlorobenzylamine (99 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3k was isolated after column chromatography (silica gel, n-heptane/ EtOAc¼2:1) as a yellow solid (200 mg, 86%), mp 238 C. 1 
1-(3-(1H-Imidazol-1-yl)propyl)-2-phenylbenzo[b][1,8] naphthyridin-4-(1H)-one (3l)
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), N-(3-aminopropyl)imidazole (88 mg, 0.7 mmol), potassium carbonate (162 mg, 1.17 mmol), Pd(PPh 3 ) 4 (5 mol %), and DMF (10 ml) were refluxed at 170 C for 3 h, 3l was isolated after column chromatography (silica gel, n-heptane/ EtOAc¼2:1) as a yellow solid (135 mg, 70%), mp 229 C. 1 (13), 285 (100), 273 (18), 272 (17), 207 (25) , 5.30; N, 14.73. Found: C, 75.98; H, 5.46 ; N, 14.66.
1-(4-Methoxyphenyl)-2-phenylbenzo[b][1,8]naphthyridin-4(1H)-one (3m)
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), p-methoxyaniline (76 mg, 0.62 mmol), Cs 2 CO 3 (235 mg, 0.72 mmol), Pd(PPh 3 ) 4 (5 mol %), and toluene (10 ml) were refluxed at 90 C for 6 h, 3m was isolated after column chromatography (silica gel, n-heptane/EtOAc¼1:1) as a yellow solid (142 mg, 73%), mp 290 C. 1 4, 111.3, 113.6, 113.7, 120.2, 125.6, 125.7, 128.0, 128.6, 128.7, 129.0, 129.0, 129.1, 131.3, 131.3, 131.9, 131.9, 136.1, 137.3, 149.1, 150.9, 157.1, 158.8, 179 
1-(3,4-Dimethoxyphenyl)-2-phenylbenzo[b][1,8]naphthyridin-4(1H)-one (3n)
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), 3,4-dimethoxyaniline (95 mg, 0.62 mmol), Cs 2 CO 3 (235 mg, 0.72 mmol), Pd(PPh 3 ) 4 (5 mol %), and toluene (10 ml) were refluxed at 90 C for 6 h, 3n was isolated after column chromatography (silica gel, n-heptane/EtOAc¼1:1) as a yellow solid (150 mg, 76%), mp 235 C. 1 9, 56.1, 110.3, 111.4, 114.0, 120.2, 122.9, 125.6, 125.7, 128.0, 128.2, 128.2, 128.6, 128.7, 128.8, 129.0, 129.1, 131.9, 136.2, 137.3, 148.4, 148.4, 148.7, 149.1, 150.8, 157.1, 179 
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), 3,5-dimethoxyaniline (95 mg, 0.62 mmol), Cs 2 CO 3 (235 mg, 0.72 mmol), Pd(PPh 3 ) 4 (5 mol %), and toluene (10 ml) were refluxed at 90 C for 6 h, 3o was isolated after column chromatography (silica gel, n-heptane/EtOAc¼1:1) as a yellow solid (135 mg, 64%), mp 239 C. 1 5, 55.6, 100.4, 109.3, 109.4, 111.4, 120.0, 120.2, 125.6, 125.7, 127.9, 128.0, 128.7, 128.9, 128.9, 129.1, 131.9, 136.1, 137.3, 140.5, 149.0, 149.1, 150.4, 156.6, 160.4 , 4.94; N, 6.86. Found: C, 76.37; H, 4.89; N, 6 .85.
2-
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), 3,4,5-trimethoxyaniline (113 mg, 0.62 mmol), Cs 2 CO 3 (235 mg, 0.72 mmol), Pd(PPh 3 ) 4 (5 mol %), and toluene (10 ml) were refluxed at 90 C for 6 h, 3p was isolated after column chromatography (silica gel, n-heptane/EtOAc¼1:1) as a yellow solid (173 mg, 77%), mp 253 C.
1 H NMR (CDCl 3 , 300 MHz):
d¼3.62 (s, 6H) d¼56.3, 61. 1, 108.6, 111.4, 120.1, 125.6, 125.7, 125.8, 128.3, 128.5, 128.6, 128.9, 129.0, 129.2, 129.4, 132.1, 134.4, 136.2, 137.4, 137.7, 149.1, 150.5, 152.9, 156.8, 179 .1; IR (ATR, cm 
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), 3,5-dimethylaniline (75 mg, 0.62 mmol), Cs 2 CO 3 (235 mg, 0.72 mmol), Pd(PPh 3 ) 4 (5 mol %), and toluene (10 ml) were refluxed at 90 C for 6 h, 3q was isolated after column chromatography (silica gel, n-heptane/EtOAc¼2:1) as a yellow solid (128 mg, 58%), mp 255 C. 1 1, 125.5, 125.6, 127.8, 128.0, 128.1, 128.6, 128.7, 128.7, 128.8, 128.9, 129.1, 129.5, 131.9, 136.1, 137.3, 138.0, 138.1, 138.8, 149.1, 150.7, 157.0, 179.9 ; IR (ATR, cm 
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), 3,5-dimethoxyaniline (126 mg, 0.62 mmol), Cs 2 CO 3 (235 mg, 0.72 mmol), Pd(PPh 3 ) 4 (5 mol %), and toluene (10 ml) were refluxed at 90 C for 6 h, 3r was isolated after column chromatography (silica gel, n-heptane/EtOAc¼2:1) as a yellow solid (126 mg, 53%), mp 275 C. 1 55.5, 99.0, 104.1, 110.8, 120.3, 121.6, 125.4, 125.6, 127.6, 127.7, 128.4, 128.5, 128.6, 128.8, 129.1, 131.7, 131.8, 136.1, 137.1, 149.3, 150.6, 156.2, 157.8, 160.7, 179.5 ; IR (ATR, cm , 76.45; H, 4.94; N, 6.86. Found: C, 76.63; H, 5.05; N, 6 .98.
1-(4-(Diethylamino
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), N,N-dimethylbenzene-1,4-diamine (112 mg, 0.62 mmol), Cs 2 CO 3 (235 mg, 0.72 mmol), Pd(PPh 3 ) 4 (5 mol %), and toluene (10 ml) were refluxed at 90 C for 6 h, 3s was isolated after column chromatography (silica gel, n-heptane/ EtOAc¼3:1) as a yellow solid (167 mg, 77%), mp 320 C. 1 44.4, 111.1, 111.2, 120.3, 125.5, 127.1, 127.8, 127.9, 128.5, 128.7, 129.0, 129.1, 129.2, 130.7, 130.8, 131.7, 136.5, 136.6, 137.2, 147.1, 149.2, 151.2, 157.7, 179 Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), p-ethylaniline (75 mg, 0.62 mmol), Cs 2 CO 3 (235 mg, 0.72 mmol), Pd(PPh 3 ) 4 (5 mol %), and toluene (10 ml) were refluxed at 90 C for 6 h, 3t was isolated after column chromatography (silica gel, n-heptane/EtOAc¼3:1) as a yellow solid (96 mg, 50%), mp 229 C. 1 28.4, 111.3, 120.1, 125.6, 125.7, 127.7, 127.8, 128.6, 128.7, 128.8, 129.0, 129.1, 129.2, 130.2, 130.3, 131.9, 131.9, 136.1, 136.7, 137.3, 143.9, 149.1, 150.8, 157.0, 179.3 ; IR (ATR, cm (12) , 5.35; N, 7.44. Found: C, 82.92; H, 5.26; N, 7.43 .
Starting with 1-(2-chloroquinolin-3-yl)-3-phenylprop-2-yn-1-one 2 (170 mg, 0.58 mmol), p-methoxyaniline (76 mg, 0.62 mmol), Cs 2 CO 3 (235 mg, 0.72 mmol), Pd(PPh 3 ) 4 (5 mol %), and toluene (10 ml) were refluxed at 90 C for 6 h, 3u was isolated after column chromatography (silica gel, n-heptane/EtOAc¼1:1) as a yellow solid (62 mg, 29%), mp 243 C. 1 115.7, 116.1, 120.0, 124.1, 124.2, 126.1 (d, J¼16 Hz), 126.3 (d, J¼230 Hz), 128.1, 128.4, 128.5, 129.1, 129.2, 129.3, 129.4, 130.2, 131.7, 131.8, 133.5 (13) , 78.68; H, 4.13; N, 7.65. Found: C, 78.38; H, 4.10; N, 7.62 . 97.0, 119.7, 128.3, 128.7, 130.1, 131.1, 131.3, 133.4, 133.5, 139.8, 142.5, 144.0, 146.4, 175.3 ; IR (ATR, cm À1 ):
n¼3290 ( 35.2, 88.3, 97.9, 116.6, 125.8, 128.3, 130.1, 131.0, 133.2, 133.5, 139.8, 142.4, 143.9, 146.7, 155.3, 175.4 d¼14.0, 19.6, 22.6, 27.5, 28.9, 29.0, 29.1, 31.8, 81.0, 101.6, 128.3, 129.9, 131.0, 133.1, 139.7, 142.4, 143.8, 146.7, 175.5 ; IR (ATR, cm 26.5, 30.6, 64.3, 114.0, 127.4, 127.8, 128.9, 129.5, 129.8, 130.8, 132.6, 136.3, 137.6, 140.5, 141.8, 146.5, 157.8, 177.8 ; IR (ATR, cm d¼14.0, 22.4, 26.4, 28.4, 28.8, 31.4, 46.8, 113.8, 128.0, 128.1, 128.8, 129.4, 129.8, 130.9, 132.7, 135.2, 137.2, 140.9, 142.7, 145.5, 156.8, 177.8 58.0, 113.0, 127.7, 128.5, 129.5, 129.6, 130.0, 133.1, 135.2, 137.2, 139.8, 141.5, 145.7, 157.0, 176.3 ; IR (ATR, cm d¼5.65 (s, 2H), 6.44 (s, 1H), 6.79e6.82 (m, 2H), 7.08e7.09 (m, 3H), 7.20e7.41 (m, 5H), 7.68e7.78 (m, 2H), 7.89e7.93 (m, 1H), 8.37e8 .41 (m, 1H); 13 C NMR (CDCl 3 , 63 MHz): d¼49. 6, 114.2, 126.6, 127.4, 128.0, 128.3, 128.5, 128.6, 129.6, 129.9, 130.9, 132.9, 134.8, 137.0, 137.0, 141.1, 142.7, 145.8, 157.1, 177.9 ; IR (ATR, cm (13) 48.3, 113.8, 126.7, 128.0, 128.1, 128.6, 128.7, 128.8, 129.6, 129.9, 131.0, 132.9, 135.0, 137.2, 137.7, 140.9, 142.7, 145.5, 156.8, 177.8 ; IR (ATR, cm 
